industry in Great Britain has expanded considerably since the second world war with over 50 % of men having entered within the last decade. Conclusions drawn about the effect of vinyl chloride monomer on the mortality experience of men in this industry must consequently be tempered by the reservation that the full impact may not yet be in evidence.
In 1974 three cases of angiosarcoma of the liver in workers at a plant manufacturing polyvinyl chloride (PVC) in the United States of America were reported . Further investigation by the firm led to the identification of two further cases who had died some years previously (Block, 1974) . A programme of medical surveillance at the plant (Makk et al., 1974) resulted in the identification of two cases of angiosarcoma of the liver among current workers (Falk et al., 1974) .
The rarity of this tumour may be judged from the incidence of reported cases: for the USA 20 to 25 cases a year (British Medical Journal, 1974) and for England and Wales some three to four cases a year (Baxter and Fox, 1975) . Previously the only agents reported as associated with the development of angiosarcoma of the liver were arsenic (Regelson et al., 1968) and thorotrast (MacMahon et al., 1947) .
The first case of angiosarcoma of the liver in a man known to have been exposed to vinyl chloride monomer (VCM) in the manufacture of PVC in *Formerly with EMAS 1 Great Britain was reported by Lee and Harry (1974) . The man had been a process worker for 20 years and he died in 1972 aged 71 years. At this time 19 cases of angiosarcoma in workers who had been exposed to VCM in the manufacture of PVC had been reported throughout the world. All these men had been exposed to extremely high concentrations of VCM usually as autoclave 'pot' cleaners. By 1975 some 32 cases had been reported all of which were in men who had been associated with the manufacture of PVC (Lloyd, 1975) . These included a second British patient who had been exposed for four years and died aged 37 years only eight years after first exposure.
Early reports of epidemiological studies in the USA have been given by Monson et al. (1974) , Tabershaw and Gaffrey (1974) , Falk et al. (1974) , Makk et al. (1974) , and Nicholson et al. (1975) . The Employment Medical Advisory Service (EMAS), with the assistance of company medical representatives and the support of the unions, co-ordinated a prospective mortality study covering the manufacturing industry in Great Britain. The objectives of this study were to present a general picture of the mortality experience of workers engaged in the in-dustry in Great Britain and to relate this to factors such as sex, age, year of entry into the industry, length of time exposed, and exposure levels.
Methods
The study covers all workers who may have been exposed to Figure 1 shows the number of men employed in the industry each year from 1940 onwards and the number who had been previously employed. The work force in 1974 represents some 53 % of men ever employed in the industry, reflecting the rapid growth since its inception. Table 2 shows that approximately 12% of men were exposed to high levels, almost all to constant high levels. The newness of the industry is reflected by the fact that only 8% of the workers have been employed in the industry for more than 20 years. Of these, only 34 men had been exposed to constant high levels. It is difficult to identify angiosarcoma of the liver 1500 from death certificates (Baxter and Fox, 1975 Other liver cancers (197.7, 197.8, etc) (Baxter, 1976) . A diagnosis of primary angiosarcoma of the liver was confirmed in two of them and the remaining two were confirmed as not being due to angiosarcoma.
INDIVIDUAL FACTORY EXPERIENCE Table 6 , by comparing cohorts who entered the industry in different quinquennia, shows that the ratio of observed to expected deaths is lower for those men who entered the industry recently. Figure 2 shows this to be the case for cancer and circulatory disease. The opposite trend is shown for accidents. Although the downward slope with succeeding year of entry is seen in Fig. 3 and Table 7 to be due to more recent cohorts having lower SMRs than earlier cohorts, the SMR for each cohort is seen to rise the longer the cohort is followed-up (Table 8 ). The SMRs increase from 40-5 for the first five years of follow-up, to 85-1 for between 15 and 20 years of follow-up, to 106-5 for 30 to 35 years of follow-up.
MORTALITY BY EXPOSURE LEVEL
The overall SMR in Table 9 is seen to be lowest in the group with the highest exposure, 67-8, and highest in the group with the lowest exposure, 78-0. The SMR for liver cancer was however highest in the group exposed to the highest concentration of VCM. The two liver cancers in this group were both angiosarcomas whereas the liver cancers in the low and medium exposure groups were not (Table 4) . The only other high SMR in Table 9 is for brain cancer in the high exposure group. This results from one case being observed whereas 0-36 were expected. There is no indication of a dose-response relationship for cancer as a group, lung cancer, or diseases of the circulatory system and only a slight indication for diseases of the respiratory system where the SMR is increased from 59-7 to 64-4 to 69-1 with successive rises in exposure group; and only a slight and probably meaningless increase for diseases of the respiratory system.
The SMR (Table 10) for those men who experienced constant exposures to VCM, 55-3, is significantly below that for men who experienced only intermittent exposures, 84-1. The SMR for liver cancer is however higher in the former group. The two angiosarcoma deaths were men who had experienced constant exposure (Table 4 ). This table indicates an excess of lung cancers in men constantly exposed (17 observed, 15-72 expected, P > 0-05) which arises from men exposed constantly to medium concentrations (13 observed, 7-75 expected, P > 0-05). This group also had a slightly raised bronchitis rate (6 observed, 4-56 expected, P > 0-05).
In Table 11 cohorts based on men not in the industry but who were alive 15 years after entry are subdivided according to the length of time spent in the industry. Fifteen-year survivors are considered in order to eliminate the biases that occur in a simple comparison with length of exposure. These arise because a man exposed for 15 years cannot have died before he completed this exposure, whereas a man who was exposed for less than five years may have died within five years of entering the industry. The mortality experience of the four cohorts considered in Table 11 , men who entered between 1940 and 1944, between 1945 and 1949, between 1950 and 1954, and between 1955 and 1959 have been studied for 16 years, 11 years, six years, and one year respectively. Although there is a slight drop in the SMR in relation to the length of exposure for the 1940-44 cohort, there is an overall tendency for the 1940-1949 1950-1959 1960-1969 1970-1974 Cohort by year of entry Fig. 3 Standardised mortality ratios for deaths from all causes according to year of death for cohorts based on year of entry into industry.
SMR to increase with increased exposure. The total SMR increases from 100-6 for those exposed for four years or less, to 104-7 for those exposed for five to nine years, to 113-3 for those exposed for 10 to 14 years. Excludes one death in a man for whom an invalid measure of exposure was recorded. Excludes one death in a man for whom an invalid measure of exposure was recorded. Figure 2 shows that similar associations are observed for cancers and for circulatory disease. Figure 3 confirms that this association between SMR and year of entry into the industry is not a function of the cohort but is related to the length of time that it has been pursued and therefore to the length of time since the individual entered the industry. Table 8 shows that it may take 20 to 30 years for this effect to disappear.
As this population comprises all men who have been identified as having worked with VCM since the industry began in Great Britain in the early 1940s, it includes men who have spent short periods in the industry as well as those who have had longer exposures. In any evaluation of the role duration of exposure plays in a model of cause and effect it is necessary to account for differences in characteristics between those subjects who stay a long time in the industry and those who leave. Most of the latter leave for reasons unrelated to health, but there are some who will leave because they are not fit enough to continue working or because they consider the job to be affecting their health. It is difficult to separate this effect, the survivor effect, from the healthy population selection effect described above. They were both clearly described by Ogle (1885) but have not been measured. The 15-year survival effect for this population has been estimated by separating those persons alive 15 years after entering the industry into those working and those not working in the industry after the 15 years. The mortality patterns after these 15 years were then compared. The SMR for men not in the industry, 108-4, was approximately 50% higher than for those still in the industry, 74-0.
In a separate report we have considered at greater length the implications of these effects and the effect of the period of follow-up on the interpretation of occupational mortality studies (Fox and Collier, 1976) : they are of major importance in the interpretation of these data.
Other studies Some hypotheses concerning the effects on man of exposure to VCM have been proposed as a result of the animal experiments conducted by Maltoni and Lefemini (1975) and the epidemiological studies conducted by, for example, Tabershaw and Gaffrey (1974) and Nicholson et al. (1975) . Maltoni and Lefemini (1975) have suggested that vinyl chloride monomer produced tumours in the three animal species studied: rats, mice, and hamsters. Liver angiosarcomas were observed in all three species. In addition other tumours that occurred included cerebral neuroblastomas and pulmonary adenomas. Tabershaw and Gaffrey (1974) confirmed the clinical suggestions by Creech and Johnson (1974) that there was strong epidemiological evidence that exposure to VCM caused angiosarcoma of the liver in humans. Their study also indicated an excess of cancer of the respiratory system and brain although this was not statistically significant. Nicholson et al. (1975) Nicholson and co-workers in their study of all men in one plant with greater than five years' exposure followed-up 10 years from first employment, observed 24 deaths compared with 19 0 expected, and nine cancers compared with 3 9 expected. Included in these nine cancers were three angiosarcomas. The last two columns in Table 11 show what might be termed a high risk group in that these are people who have experienced between five and 14 years' exposure and have left the industry. They are studied here 15 years after first employment. In this group 48 deaths were observed compared with 44 03 expected. For cancer 13 were observed compared with 11 -48 expected and for lung cancer six observed compared with 4-66 expected. It should be emphasised that none of the cases of liver cancer occurred in this high risk group. From Table 4 it can be deduced that a study in Great Britain similar to that conducted by Nicholson et al. (1975) would have identified one angiosarcoma and one other primary liver cancer.
General assumptions and limitations
Certain environmental factors are known to affect man's longevity. Some of these have been associated with particular causes of death such as cigarette smoking with lung cancer, heart disease, and bronchitis. Other associations such as those between social class and area of residence with cancers and bronchitis have not been fully explained. Epidemiology does not provide the immediate answer because the cause and effect models are complex and individual susceptibility confuses the issue. In this particular study no account has been taken of these other factors. We have assumed that the social class, smoking, and geographical distributions are similar to those for the national population with which comparison is made.
The mortality study provides a relatively crude epidemiological technique for evaluating the risk to health in the group under study. It cannot account for all the factors that may be relevant to the hypotheses that have been tested and its power is limited with respect to the detection of hazards which produce small excesses of mortality. Such studies can confirm relationships between exposures to specific chemicals and the subsequent development of uncommon tumours such as mesotheliomas, bladder cancers, and liver tumours. Unless the chemical considered is a powerful carcinogen these studies are less sensitive when studying common causes of death.
Conclusions
It is not yet possible to evaluate the overall impact of exposures to VCM on this population of workers but bearing in mind reservations discussed above two conclusions can be drawn at this stage.
The first relates to whether or not there is evidence that exposure of men to VCM in Great Britain in the manufacture of PVC caused cancer. We have observed four liver cancers, two of which were subsequently confirmed as angiosarcomas, significantly more than would have been expected. All these cancers occurred between 1970 and 1974 and similar experiences have been reported in the USA and in animal experiments. We therefore conclude that VCM is probably a carcinogen causing liver cancer in workers exposed to it. Although in this study there is little relationship with length of exposure, the angiosarcomas were associated with exposures to very high concentrations of VCM.
The second conclusion relates to whether VCM causes cancers other than those of the liver. We find no evidence to support this suggestion. Only two brain cancers were observed and there is little indication of an excess of lung cancers. The SMR for cancer as a group is consistently higher than for all deaths but because of population selection factors this is difficult to evaluate.
The effect of VCM on the mortality experience of workers exposed will only become clear after continuing this study for a further 10 years at least. Although the recently adopted hygiene standards may in future be shown to have a residual risk associated with them, men who entered the industry in recent years should be at lower risk than those who were exposed at a time when conditions were less controlled.
